T HE production of a high level, sustained neurogenic hypertension as a result of buffer nerve section is well established. Attempts to produce neurogenic hypertension by successive ligation. of the carotid and vertebral arteries (and later developing collaterals) have at best led to a mild, inconstant hypertension 1 • 2 similar to that obtained with renal manipulations prior to the classic experiment of Goldblatt. Attempts to confirm the production of hypertension by the intracisternal injection of Kaolin suspension in dogs have been unsuccessful. 3 ' 4 Ten years ago, one of us (G. E. W.) placed constricting Goldblatt clamps bilaterally on the common carotid arteries (above the thyroid artery) of two renal hypertensive dogs whereby a palpable pulse ratio of 3:1 between the artery caudal and oral to the clamp was obtained. These dogs showed increases in mean blood pressure of 25 and 35 mm. Hg, respectively, but the blood pressure returned to previous hypertensive levels after a period of two weeks, possibly because collateral circulation had re-established former pressure-flow relationships in the carotid sinus and internal carotid artery. More recently, Taylor and Page 5 reported that the additive effects of "ischemia" of the brain and mechanical and thermal stimulation produced neurogenic hypertension lasting for periods of llcceived for publication May 7, 1954. 2 to 10 months in a majority of dogs. Moreover, central vagal and other afferent nerve stimulation leads to the release into the plasma of a pressor substance which has been called "cerebrotonin" * and "arteriohypertensin." 7 Increased intracranial pressure may release a norephinephrine-like substance into the systemic circulation as the result of stimulation of intracranial baroceptors. 8 And finally, peripheral splanchnic nerve stimulation produces an epinephrine-potentiating, pressor substance in the plasma which may originate from the brain by an unknown mechanism. 9 These findings suggested a reinvestigation of the possibility of producing hypertension in the dog by altering the hemodynamics of the carotid sinus and/or the brain. At this time we are prepared to make a preliminary report.
METHODS
In order to reduce the pulsation of the carotid sinus and constrict the internal carotid artery, we devised the two varieties of nonadjustable plastic (Incite) clam]) illustrated in figure 1. Mirror image clamps were applied bilaterally to the carotid sinus area of 10 dogs under endotraeheal ether anesthesia (to avoid reflex laryngospasm). The constriction was performed at one operation in each of nine dogs; in the remaining animal, there was a two-week interval between the constrictions. A pair of so-called symmetric Y clamps ( fig. 1 ) was applied to four dogs, five received a pair of asymmetric Y clamps, and one animal received one of each. There is little doubt that this clamp can be improved, particularly by adjusting the clamp and its channels to the size of the dog and the carotid sinus area. Probably a split sleeve-like model 1 to 2 mm. thick would be preferable. In a 10 to 12 Kg. dog, the clamps of figure 1 produce a visible reduction in the pulsation of the carotid sinus and a reduction to approximately one-third in the palpable pulse of the internal carotid and external carotid (and occipital) arteries. Two control dogs were subjected to bilateral implanta- 416 Circulation tion of plastic clamps immediately lateral to the carotid sinus. Mean femoral arterial blood pressure was measured one to two times per week by direct puncture. The animals were observed for two or more months (until a stable normotensive level was achieved) and then for periods varying from 3 to 12 months following carotid sinus area constriction. The blood pressure levels summarized in table 1 are based on a minimum of 6 to 12 readings immediatelv before constriction and a minimum of 12 readings during the last three months of observation following constriction.
RESULTS
Nine of the ten dogs subjected to bilateral carotid sinus area constriction showed a significant, sustained increase in arterial pressure ( over a period of two to four months, as illustrated by figure 2/1. The other four dogs showed a rapid increase in blood pressure during a period of one to three weeks, as illustrated by figure 2B. One of these dogs (no. 3, table 1) received successive carotid sinus area constrictions; the increase in blood pressure occurred after the second constriction. The remaining dog (no. 10) failed to show a significant change in blood pressure. This dog and the two dogs (nos. 8 and 9) which showed the least increase in pressure, were the largest of the 10 animals, although the plastic clamps used were the same size as those employed for the other dogs. Although the asymmetric clamp approximates the anatomy of the carotid sinus area more closely than the symmetric clamp, there was no significant difference between the increases in pressure produced by the two varieties of clamp (table 1) . The two control dogs showed no significant change in blood pressure, although they have been observed for only two months postoperative. Likewise, 10 untreated control dogs observed in the laboratory during the same 12-month period showed no significant change in their normotensions. Except for cervical edema lasting four to seven days, the dogs tolerated the clamps well. Three of the dogs showed increased irritability and aggressiveness for 3 to 4 months following operation, but the pressure increase persisted after the nervous tension disappeared. Otherwise, there were no gross clinical changes. Heart rates have remained within normal limits. Urinalyses, appetites, and body weights have remained normal.
DISCUSSION'
The mechanism of this form of experimental hypertension is unknown. Possibly altered carotid sinus nerve function may be involved. This calls to mind Volhard's revival of the hypothesis that essential hypertension may be due to sclerosis of the carotid sinus with resulting impaired pulsation. 10 Also pertinent may be the acute experiments of Hauss, Kreuziger, and Asteroth," who found, after surrounding the sinus wall with an inelastic medium, that changes in intrasinus pressure were no longer effective in causing reflex responses of the systemic pressure. Ead, Green, and Xeil 12 found that carotid sinus nerve impulse frequency decreased when pulsatile was changed to nonpulsatile flow, but that increased systemic pressure occurred only if the vagi (including the aortic nerves) were sectioned. This is in keeping with the finding that bilateral carotid sinus denervation or extirpation without section of the aortic, nerves is well known not to give rise to sustained hypertension in the dog. (The normal heart rates of the dogs of our experiment suggest, but do not prove, that the aortic nerves are intact.) Another possibility is a cerebrogenic mechanism involving an alteration in brain hemodynamics with resulting stimulation of intracranial baroceptors or the release of one or more pressor principles into the plasma by the brain. In favor of this possibility is the unpublished observation of two of us (G. E. W. and H. E. S.) that bilateral constriction of the internal carotid artery in two renal hypertensive dogs resulted in a rapid, sustained significant increase in blood pressure (now of eight months' duration) in one of the animals. A third possible mechanism is a combination of altered carotid sinus function and cerebral hemodynamics.
CONCLUSIONS
Bilateral constriction of the carotid sinus area by a plastic clamp, with reduction of the palpable pulse of the sinus and internal carotid artery, produces a significant, sustained increase in arterial blood pressure of unknown pathogenesis in the dog.
